***What is already known about this topic?*** Coronavirus disease 2019 has emerged as a major pandemic. The disease manifests from mild to severe infections. Various risk factors such as advanced age and comorbidities have been identified. However, precise factors contributing to the disease severity remain unknown.***What does this article add to our knowledge?*** Viral clearance is a major determinant of disease pathology. Prolonged viral presence was associated with increased disease severity markers including admission to intensive care units and greater lung involvement of chest imaging.***How does this study impact current management guidelines?*** In the absence of antiviral therapies, anti-inflammatory therapies or other therapies that may delay viral clearance should be used with caution.

Introduction {#sec1}
============

Coronavirus disease 2019 (COVID-19) is the third and largest coronavirus-mediated disease that emerged in the 21st century. It has infected more than 5 million people with more than 350,000 deaths.[@bib1] The disease course of COVID-19 varies significantly among individuals, ranging from asymptomatic infection to severe disease leading to death.[@bib2], [@bib3], [@bib4] The host and pathogen determinants are not known but possibly both exacerbated inflammatory host response, or direct virus-induced damage may lead to pathology. Excessive inflammation is often attributed to disease severity as well as mortality due to COVID-19.[@bib5], [@bib6], [@bib7] Surprisingly, the most susceptible population to COVID-19 remains the older individuals who are known to mount a poor inflammatory and immune response to a vast variety of viral infections as well as vaccines.[@bib8] In this study, we aimed to identify whether inflammatory response or impaired viral clearance leading to prolonged viral presence contribute toward disease severity.

Currently, there are no approved therapies for COVID-19, and initial approaches to enhance the viral clearance using ritonavir/lopinavir therapies failed to show any impact on viral clearance and the disease course.[@bib9] The other antiviral therapies that are being used include remdesivir and chloroquine based on their *in vitro* activity against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).[@bib10] However, their antiviral efficacy and beneficial effects in COVID-19 remain to be known. However, a wide range of anti-inflammatory therapies are currently being used in the clinical management of COVID-19 despite a lack of knowledge regarding their beneficial effects on the disease.[@bib11] ^,^ [@bib12] Understanding whether the persistent viral presence or early inflammatory response guides the disease prognosis can provide critical clinical tools in the management of the disease. In this study, we demonstrate the role of persistent viral presence in contributing to the disease severity where the early inflammatory response was not related to the viral presence of adverse outcomes during the disease.

Re-emergence of the virus after clinical recovery has also been a major concern and could pose a significant challenge in preventing the spread of the disease.[@bib13] Currently, it is not clear what drives the re-emergence of the virus in some patients and whether these patients are infectious at this stage of the disease.

Methods {#sec2}
=======

Source of the data {#sec2.1}
------------------

Data were obtained from 69 patients admitted at the Fifth Medical Center of Chinese PLA General Hospital from early January to the end of March 2020 and discharged between January 28 and April 30 except 3 patients who remained hospitalized until April 20, 2020. Two patients died of COVID-19 and were excluded from the analysis. Epidemiological history and the day of onset of symptoms were noted on their chart with other demographic information upon their presentation to the hospital. The viral quantitative PCR was performed either at the China Center for Disease Control or in the hospital laboratory where the presence of virus was confirmed during the patients\' admission and stay in the hospital every 2 days.[@bib2] Routine measurements and laboratory tests were performed including markers of inflammation such as C-reactive protein (CRP) and IL-6. Measurement of D-dimer was performed in the blood samples. D-dimer is a fibrin derivative that is generated by its cleavage in the presence of plasmin.[@bib14] D-dimer is a well-established marker of pulmonary embolism as well as deep vein thrombosis.[@bib14] ^,^ [@bib15] Patients received standard of care as per guidelines by the Ministry of Public Health of China. Glucocorticoids were administered to the patients with progressive deterioration of oxygenation indicators, rapid progression of pathology in chest imaging, and overactivation of the inflammatory response.[@bib16] All the patients were discharged from the hospital once their symptoms resolved, and they had 2 consecutive viral quantitative PCR tests showing the absence of the virus performed at least 24 hours apart. Patients were asked to follow up after their discharge, and their throat swabs were tested again for the presence of the virus. If positive, these samples were sent to the State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology, Academy of Military Medical Sciences (AMMS) to confirm the presence of the live virus. Virus cultivation attempts were performed in Vero monolayers seeded in a 24-well plate. Briefly, throat swabs from patients who were positive for SARS-CoV-2 by RT-quantitative PCR were immersed, and serially diluted samples were inoculated into Vero monolayers. Cells were monitored daily for cytopathic effect for 5 days, and viral replication in cell culture was detected by RT-quantitative PCR or plaque assay. All experiments involving SARS-CoV-2 were performed in the BSL-3 facility at the AMMS.

Case definitions {#sec2.2}
----------------

All the patients in this study were confirmed to have SARS-CoV-2 infection, detected by viral quantitative PCR assay. The disease severity was classified as severe and nonsevere on the basis of clinical parameters as described earlier.[@bib17] Two patients remained asymptomatic despite the presence of virus for 27 and 54 days, respectively, and they were included in the nonsevere group.

Cutoff values for inflammatory parameters {#sec2.3}
-----------------------------------------

The laboratory values were defined to be abnormal when they are out of their normal prescribed range. These ranges for various parameters are as follows: IL-6, 0 to 7 pg/mL; CRP, 0.068 to 8.2 mg/L; white blood cells, 3.97 to 9.15 × 10^9^/L; neutrophils, 2 to 7 × 10^9^/L; leucocytes, 0.8 to 4.0 × 10^9^/L; eosinophils, 0.02 to 0.5 × 10^9^/L; total T cells, 690 to 2540/μL; CD4, 410 to 1590/μL; CD8, 190 to 1140/μL; and D-dimer, less than 0.55 mg/L. The values were defined as low or high if they were below or above the indicated values.[@bib4] ^,^ [@bib18] The levels of cytokines and D-dimer were measured using chemiluminescence immunoassay assay kits (CRP from Beckman, Carlsbad, Calif; IL-6 from Roche Diagnostics, Mannheim, Germany; and D-dimer from Siemens Healthineers, Marburg, Germany).

Separation in 2 different groups based on the duration of viral presence {#sec2.4}
------------------------------------------------------------------------

To understand the impact of viral persistence on disease severity, we divided the groups into 2 on the basis of days of viral persistence. The start day of the presence of viral was counted from the day of onset rather than the first positive test result because the day of presentation to the hospital may be affected by various nonbiological factors. The 2 deceased patients were excluded from the analysis because they were viral positive at their time of the death, and negative viral status was never reached. Our 2 groups were designated on the basis of viral clearance days where 16 days was set as the cutoff that divided our patient population into 2 almost-even proportions (32 and 35 each group in short and long viral persistence groups, respectively).

Patients with viral reactivation {#sec2.5}
--------------------------------

Four of the 67 patients were found to be positive during the follow-up visits. Each patient was followed up at the 7th and 14th day after discharge; if the patient\'s virus test result of throat swab turned out to be positive, the patient will be tested every 2 to 3 days until 2 consecutive viral quantitative PCR tests showed negative results. These tests were performed for every patient after their recovery and discharge from the hospital. These patients were further asked to be quarantined at their homes, and the throat swabs were sent to the AMMS where these swabs were inoculated in Vero cells to measure cytopathy and viral load in the cell culture as a marker of the presence of a viable virus. If no cytopathy was observed, supernatants were collected and added to a new well and this process was repeated 3 times to ensure the detection of even low viral burden in these samples. The viral presence was detected by both cytopathy and viral quantitative PCR and was deemed negative if none of these 2 parameters was positive. The culture success rate is more than 90% of the infected patients in the laboratory using this protocol from samples obtained during active disease. Patients were re-tested every 2 to 3 days again until the quantitative PCR test results turned negative.

Statistical analysis {#sec2.6}
--------------------

Data were analyzed from 67 patients. The data between groups were compared using the χ^2^ test (for trend) or Fisher exact test for categorical variables or *t* test. Data were analyzed using GraphPad Prism (version 8.4.2).

Results {#sec3}
=======

Demographic and clinical characteristics of 2 groups {#sec3.1}
----------------------------------------------------

The basic demographic characteristics of the patient population are listed in [Table I](#tbl1){ref-type="table"} . Fever was the most common symptom present in 82% of the subjects and was not significantly different among the 2 groups. Similarly, other common symptoms such as cough and fatigue were not significantly different among the 2 groups. In contrast, dyspnea was higher in the long-term viral persistent group compared with the short-term group (9% vs 29%; *P* = .06). Similarly, the use of ventilation or high-flow oxygen or glucocorticoids was not different among the 2 groups. We also determined if the use of glucocorticoids was a major contributor to the viral persistence or other markers of disease severity. Our data indicate the glucocorticoid use did not significantly contribute to the disease severity marker (see [Table E1](#tblE1){ref-type="table"} in this article's Online Repository at [www.jaci-inpractice.org](http://www.jaci-inpractice.org){#interref0010}).Table IDemographic and clinical characteristics of patients based on duration of viral persistenceCharacteristicAll patients (n = 67)Short-term group (n = 32)Long-term group (n = 35)*P* valueVirus-shedding peroid (d)0-16\>16Age (y), n (%)**.0006** 0-142 (2.99)2 (6.25)0 (0) 14-5949 (73.13)28 (87.5)21 (60) ≥6016 (23.88)2 (6.25)14 (40)Sex, n (%).2182 Male38 (56.72)21 (65.63)17 (48.57) Female29 (43.28)11 (34.38)18 (51.43)Symptoms, n (%) Fever55 (82.09)29 (90.63)26 (74.29).1138 Cough40 (59.70)13 (40.63)27 (77.14).2338 Sputum17 (25.37)5 (15.63)12 (34.29).0977 Headache6 (8.96)6 (18.75)2 (5.71).1389 Sore throat4 (5.97)1 (3.13)3 (8.57).615 Fatigue25 (37.31)13 (40.63)12 (34.29).6219 Diarrhea6 (8.96)5 (15.63)1 (2.86).096 Dyspena13 (19.4)3 (9.38)10 (28.57).0651Diagnosis, n (%).0139 Nonsevere49 (73.13)28 (8.75)21 (60) Severe18 (26.87)4 (0.125)14 (40) Admission to ICU3 (4.48)0 (0)3 (8.57).2402Chest imaging, n (%)**.0275** Normal10 (14.93)8 (25)2 (5.71) Unilateral lung2 (2.99)1 (3.13)1 (2.86) Bilateral lung55 (82.09)23 (71.88)32 (91.43)Treatment, n (%) Use of high-flow oxygen8 (11.94)2 (6.25)6 (17.14).2624 Ventilation9 (13.43)2 (6.25)7 (20).1534 Systemic glucocorticoid27 (40.30)11 (34.38)16 (45.71).4555Others (d), mean (95% CI) Onset to admission9.09 (7.01-11.11)4.9 (3.92-5.89)12.91 (9.58-16.25)**\<.0001** Hospitalization20.7 (17.8-23.6)15.03 (12.04-18.02)25.89 (21.62-30.15)**\<.0001**[^3][^4]

Based on the disease severity, a significantly higher number of severe cases were noted in the long-term viral persistence group compared with the short-term viral presence group (12.5% in the short-term vs 40% in the long-term; *P* = .0139). Three of the total 14 severe cases in the long-term group were admitted to intensive care units, whereas no one from the short-term group required intensive care unit admission. Two of the patients with confirmed SARS-CoV-2 remained asymptomatic throughout their positive viral periods.

The 2 patients included a 79-year-old woman and a 50-year-old man. Both of them reported hypertension as comorbidity. Both had critical disease and were treated with glucocorticoids. The male and female patients died at day 17 and 28 posthospital admission, respectively.

Imaging evidence {#sec3.2}
----------------

To further evaluate the impact of viral persistence on lung injury, the computed tomography scans were obtained, and the number of lobes that showed abnormalities in each patient were quantified by 2 independent investigators. A significantly higher number of lobes were involved in patients having long-term viral presence compared with those who cleared the virus within 16 days postsymptom onset (mean ± SEM, 2.938 ± 0.3505 in the short-term group vs 3.706 ± 0.2294 in the long-term group) ([Figure 1](#fig1){ref-type="fig"} , *A* and *B*). Only 1 of the subjects in the long-term group had no evidence of pathological changes in any of the lobe, whereas 7 patients in the short-term group had no radiological evidence of the pathology. In contrast, all 5 lobes were involved in 9 patients in the short-term group, but 12 patients had all 5 lobes of lung involvement in the long-term group. These data suggest an essential role of viral presence in causing lung pathology. Both the dead subjects demonstrated lung involvement by chest computed tomography where involvement of all 5 lobes appeared in chest computed tomography.Figure 1Chest CT scans of patients with COVID-19 based on the duration of the viral presence. Representative chest CT scans from patients with (**A** and **B**) short-term or (**C** and **D**) long-term viral presence. (**E**) The quantification of the number of lobes involved in each patient between 2 groups (∗*P* \< .05). *CT*, Computed tomography.

Laboratory markers of inflammation {#sec3.3}
----------------------------------

Inflammatory response to viral infection is an essential part of viral clearance in the lung. However, uncontrolled inflammation can lead to cytokine storm and septic shock with a potential grave prognosis. We analyzed the level of inflammatory markers in these patients and compared them among 2 groups on the basis of duration of viral persistence. Our data show that the percentage of patients showing elevated levels of IL-6 were similar in the 2 groups in the first week when data were available for a maximum number of patients ([Table II](#tbl2){ref-type="table"} ). Most patients had elevated values of IL-6 especially in the short-term group (60%). Surprisingly, only 43% of the patients in the long-term viral persistence group had elevated levels of IL-6, although this did not reach statistical significance. Similarly, levels of other markers of inflammation such as CRPs were not different among the 2 groups. However, levels of D-dimer, a marker that is associated with disease severity in COVID-19, was significantly elevated in a higher number of patients within the long-term group in both first (12.5% vs 37.14%; *P* = .0261) and second weeks (18.75% vs 60%; *P* = .001) of the hospital admission. The values of these inflammatory cytokines are presented in [Tables E2](#tblE2){ref-type="table"} in this article's Online Repository at [www.jaci-inpractice.org](http://www.jaci-inpractice.org){#interref0015}.Table IIComparison of inflammatory markers between short-term and long-term viral persistent groupsInflammatory markersWeekShort-term groupLong-term group*P* valueHighNormalHighNormalIL-6First week19 (59.38)13 (40.63)15 (42.88)20 (57.14).2242Second week4 (12.5)28 (87.5)5 (14.29)30 (85.71).6245CRPFirst week16 (50)16 (50)15 (42.88)20 (57.14).628Second week5 (15.63)27 (84.38)8 (22.86)27 (77.14).5445D-dimerFirst week4 (12.5)28 (87.5)13 (37.14)22 (62.86)**.0261**Second week6 (18.75)26 (81.25)21 (60)14 (40)**.001**[^5][^6]

Blood leukocyte counts and lymphocyte counts {#sec3.4}
--------------------------------------------

The blood cell counts for most of the patients were in the normal range including total white blood cell counts and neutrophils in the blood. However, as described before, a significant proportion of patients had lymphocytopenia, especially in those in the long-term viral persistent group (first week, 4 of 32 patients in the short-term group and 10 of 35 patients in the long-term group had lymphocytopenia; second week, 2 of 32 patients in the short-term group and 10 of 35 patients in the long-term group had lymphocytopenia). CD4^+^ T-cell counts were lower than normal in only 34% of the subjects in the short-term group compared with 63% in the long-term viral presence group within the first 10 days of the hospitalization (*P* = .028). Similar trends were observed for CD8^+^ T cells where only 12.5% in the short-term group had lower CD8 T-cell counts compared with 40% of the subjects who had lower CD8 T-cell counts in the long-term group (*P* = .0139). Similar trends were also observed for total T cells ([Table III](#tbl3){ref-type="table"} ).Table IIIComparison of blood leukocyte counts and lymphocyte counts in 2 groupsCountsTimeHighShort- termLowHighLong- termLow*P* valueNormalNormalWhite blood cellFirst week1 (3.13)30 (93.75)1 (3.13)4 (11.43)23 (65.71)8 (22.86)**.0261**,[∗](#tbl3fnlowast){ref-type="table-fn"} .1734[†](#tbl3fndagger){ref-type="table-fn"}Second week4 (12.5)24 (75)4 (12.5)5 (14.29)28 (80)2 (5.71).4155,[∗](#tbl3fnlowast){ref-type="table-fn"} \>.9999[†](#tbl3fndagger){ref-type="table-fn"}NeutrophilsFirst week1 (3.13)25 (0.78)6 (18.75)3 (8.57)27 (77.14)5 (14.29).7500,[∗](#tbl3fnlowast){ref-type="table-fn"} .6151[†](#tbl3fndagger){ref-type="table-fn"}Second week1 (3.13)31 (96.88)0 (0)5 (14.29)28 (80)2 (5.71).2377,[∗](#tbl3fnlowast){ref-type="table-fn"} .1968[†](#tbl3fndagger){ref-type="table-fn"}LymphocytesFirst week028 (87.5)4 (12.5)025 (71.42)10 (28.57).138[∗](#tbl3fnlowast){ref-type="table-fn"}Second week030 (93.75)2 (6.25)025 (71.42)10 (28.57)**.0247**[∗](#tbl3fnlowast){ref-type="table-fn"}EosinophilsFirst week016 (50)16 (50)017 (48.6)18 (51.4)\>.9999[∗](#tbl3fnlowast){ref-type="table-fn"}Second week028 (87.5)4 (12.5)029 (82.9)6 (17.1).7364[∗](#tbl3fnlowast){ref-type="table-fn"}CD4^+^ T cellsFirst 10 d021 (65.63)11 (34.38)013 (37.14)22 (62.86)**.028**[∗](#tbl3fnlowast){ref-type="table-fn"}CD8^+^ T cellsFirst 10 d028 (87.5)4 (12.5)021 (60)14 (40)**.0139**[∗](#tbl3fnlowast){ref-type="table-fn"}Total T cellsFirst 10 d025 (78.13)7 (21.88)018 (51.43)17 (48.57)**.0403**[∗](#tbl3fnlowast){ref-type="table-fn"}[^7][^8][^9][^10]

Clinical characteristics of patients with viral reactivation {#sec3.5}
------------------------------------------------------------

All the patients except 3 who are still in hospital were discharged after symptomatic recovery and confirming viral negative status (tests performed at least twice 24 hours apart). As part of the regular follow-up, patients who were discharged were followed up every week to obtain their throat swabs. Four of the swabs from these 64 patients turned positive at various time points after their confirmed negative status ([Figure 2](#fig2){ref-type="fig"} ). The throat swabs were sent to the AMMS laboratory to test whether the quantitative PCR positive test results are indicative of the presence of a live pathogen. The swabs were plated on Vero cells to measure cytopathy and viral replication using quantitative PCR of cell lysates after infection. We failed to detect any cytopathy or presence of viral replication in the infected cells. The time course of these patients is demonstrated in [Figure 2](#fig2){ref-type="fig"}. Individually, none of these patients had viral presence for more than 22 days, suggesting that the re-emergence of viral positivity is not associated with impaired ability to clear the initial infection.Figure 2Timeline of events in patients with re-emergence of viral positivity postrecovery from COVID-19. Four patients who were discharged from the hospital turned out to be virus-positive by virus RT-PCR testing of the throat swab. The onset of the symptom, first virus-positive day, day of admission, first negative viral test result, and day of discharge are shown as dots in different colors. Orange dots represent the reactivation of the virus followed by the disappearance of second viral positivity by green dots.

Discussion {#sec4}
==========

In this retrospective study, we demonstrate that the prolonged presence of the virus is a vital determinant of the disease severity and should be considered during therapeutic interventions. Currently, there are no approved antiviral therapies for COVID-19. However, various therapies that target inflammation are being used without clear evidence of their benefits.[@bib19] Inflammation including those mediated by IL-6 is essential for helping viral clearance, and a decrease in overall inflammation may contribute to impaired viral clearance.[@bib20] These data presented here warrant careful investigation of the impact of anti-inflammatory therapies such as those targeting IL-6 on viral clearance kinetics to ensure these therapies do not impair host antiviral mechanisms.

Our data show that elevated inflammation measured by the circulating markers such as IL-6 or CRP was not a common feature of the patient population with long-term viral persistence. Indeed, a trend toward a lower fraction of patients having elevated IL-6 was observed during the early course of the disease in the group with impaired viral clearance. In agreement with IL-6, a similar fraction of the population had elevated CRP in both the groups. Similarly, the number of total circulating white blood cells and neutrophils remained in the regular or lower range for most of the patients. These data suggest either lung-specific inflammatory response[@bib21] that is not reflected in the circulation or SARS-CoV-2--mediated mechanisms that may actively suppress the host inflammatory response. However, the involvement of other inflammatory cytokines that are not measured here cannot be ruled out. It is also possible that the deleterious effects of inflammation are observed only during the late stage of the disease when the infectious viral burden is already significantly decreased. Long-term consequences of the elevated inflammatory response are recently reported in children where some children show inflammatory response manifested as Kawasaki disease.[@bib22]

Elevation of D-dimer is known to be a major risk factor for the disease severity of COVID-19.[@bib5] In our study, we demonstrate that patients with persistent viral presence show significantly elevated levels of D-dimer in both the first and second weeks of hospitalization, suggesting that viral presence corroborates with previously reported disease severity markers. At the same time, the elevated level of D-dimer may suggest an involvement of the vascular system in mediating COVID-19 pathogenesis. Indeed, new disease phenotypes such as Kawasaki disease strongly suggest the role of vasculature inflammation in children as a chronic consequence after the viral clearance.[@bib5] ^,^ [@bib22] Further studies are required to understand whether using anti-inflammatory therapies such as targeting IL-6 can provide any potential benefit during Kawasaki disease.

It is unclear how the virus persists in the lung for such prolonged periods with manifestations of the disease. It seems plausible that the virus attacks host antiviral immune response as evidenced by significant depletion of CD4^+^ and CD8^+^ cells in those with persistent viral presence. Our data support this hypothesis that lower levels of T lymphocytes, including CD4 and CD8^+^ cells, contribute to the lack of viral clearance, where these cells are actively targeted by the virus. Infected patients who can maintain sufficient levels of T cells can efficiently clear the virus and resolve the disease. Although previous studies have reported that viral load is not associated with the disease, these viral loads were measured in upper airways rather than lung where major pathological events take place.[@bib23] Furthermore, recent studies have indicated the presence of angiotensin-converting enzyme 2 on T cells and the ability of SARS-CoV-2 to infect T cells.[@bib24]

Host tolerance is the ability of the host to tolerate the virus without having significant pathological consequences to the host. Two of our patients had no clinical symptoms but were tested because of their known close contact with infected patients. These observations indicate that host tolerance is another major contributor in defining disease severity besides the host resistance (ability to clear the virus). Although only 2 patients in our cohort represented these populations with host tolerance sufficient to suppress any clinical symptoms, the precise fraction of this population can be identified only with extensive serological testing.[@bib25]

Another critical point of discussion is regarding the re-emergence of the virus in recovered patients. There has been significant concern regarding the re-emergence of the virus in patients who have recovered from COVID-19 but whose results come positive on the quantitative PCR test. The results for 4 of our patients turned positive on their follow-up visits after confirming viral negative status and resolution of symptoms. Despite our efforts to grow these viruses, we were unable to grow these viruses, suggesting the possible presence of viral remnants rather than infective viral particles. As reported previously, the clinical features of these patients were not different among these patients.[@bib13] Because of multiple positive quantitative PCR test results, however, we believe that it was not due to error in the quantitative PCR giving false-positive results.

Conclusions {#sec5}
===========

Our data demonstrate the urgent need for developing new antiviral therapies and at the same time reconsider the role of therapies that may adversely affect the host\'s ability to clear the virus. We hope that these data will provide important clinical guidance to clinicians regarding the therapeutic approaches being used to treat COVID-19.

 {#appsec1}

Table E1Clinical characteristics and laboratory findings of patients based on glucocorticoid useCharacteristicGlucocorticoid useLong-term group (n = 16)No glucocorticoid useLong-term group (n = 19)*P* valueShort-term group (n = 11)Short-term group (n = 21)Virus-shedding period (d)13.36 ± 2.37828 ± 8.83210.43 ± 3.80231.26 ± 12.02.2389Age (y), mean ± SD51.82 ± 16.957.13 ± 16.9934.19 ± 14.6148.53 ± 15.5.2111Sex, n (%) Male4 (14.81)10 (37.04)7 (17.5)7 (17.5).4401 Female7 (25.93)6 (22.22)14 (35)12 (30)\>.9999Diagnosis, n (%) Nonsevere7 (25.93)2 (7.41)21 (52.5)19 (47.5).267 Severe4 (14.81)14 (51.85)0 (0)0 (0)\>.9999 Admission to ICU0 (0)3 (11.11)0 (0)0 (0)\>.9999Chest imaging, n (%) Normal0 (0)0 (0)8 (20)2 (5)\>.9999 Unilateral Lung0 (0)0 (0)1 (2.5)1 (2.5)\>.9999 Bilateral Lung11 (40.74)16 (59.26)12 (30)16 (40)\>.9999Treatment, n (%) Use of high-flow oxygen2 (7.41)6 (22.22)0 (0)0 (0)\>.9999 Ventilation2 (7.41)7 (25.93)0 (0)0 (0)\>.9999 High IL-6, first week10 (37.04)10 (37.04)9 (22.5)5 (12.5).4953 High IL-6, second week3 (11.11)5 (18.52)1 (2.5)0 (0).4444 High CRP, first week10 (37.04)11 (40.74)6 (15)4(10).7043 High CRP, second week3 (11.11)5 (18.52)2 (5)3 (7.5)\>.9999 High D-D, first week3 (11.11)9 (33.33)1 (2.5)4 (10)\>.9999 High D-D, second week5 (18.52)15 (55.56)1 (2.5)6 (15)\>.9999 Leucopenia, first week1 (3.7)6 (22.22)0 (0)2 (5)\>.9999 Leucopenia, second week3 (11.11)1 (3.7)1 (2.5)1 (2.5)\>.9999 Neutropenia, first week4 (14.81)4 (14.81)2 (5)1 (2.5)\>.9999 Neutropenia, second week0 (0)1 (3.7)0 (0)1 (2.5)\>.9999 Lymphocytopenia, first week4 (14.81)7 (25.93)0 (0)3 (7.5).5055 Lymphocytopenia, second week2 (7.41)8 (29.63)0 (0)2 (5)\>.9999 Eosinopenia, first week9 (33.33)13 (48.15)7 (17.5)5 (12.5).4754 Eosinopenia, second week4 (14.81)4 (14.81)0 (0)2 (5).4667 Low CD4^+^ T-cell counts7 (25.93)13 (48.15)4 (10)9 (22.5)\>.9999 Low CD8^+^ T-cell counts2 (7.41)11 (40.74)2 (5)3 (7.5).5327 Low total T-cell counts4 (14.81)9 (33.33)3 (7.5)8 (20)\>.9999Table E2The levels of inflammatory markers in short-term and long-term viral persistent groupsInflammatory markersWeekShort-term group, mean (95% CI)Long-term group, mean (95% CI)*P* valueHighNormalHighNormalIL-6 (pg/mL)First week23.86 (14.33 to 33.38)4.86 (3.98 to 5.74)19.29 (11.34 to 27.24)3.32 (2.36 to 4.28).3324Second week19.87 (11.81 to 27.93)2.58 (1.71 to 3.45)23.73 (−4.24 to 51.69)3.68 (2.99 to 4.38).3887CRP (mg/L)First week26.51 (15.04 to 37.97)3.59 (2.14 to 5.04)22.35 (11.83 to 32.88)2.63 (1.73 to 3.53).4577Second week19.66 (6.78 to 32.53)3.91 (3.36 to 4.46)18.74 (11.54 to 25.93)2.20 (1.45 to 2.96).5315D-dimer (mg/L)First week2.81 (−0.69 to 6.31)0.25 (0.21 to 0.30)2.29 (0.68 to 3.90)0.27 (0.22 to 0.32).5324Second week4.66 (−2.85 to 12.16)0.33 (0.29 to 0.38)2.21 (0.75 to 3.66)0.24 (0.18 to 0.30).1033
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